This paper is about creating a hybrid QFD-based approach in which the best supplier is selected considering changing customer needs. In most previous studies employing a QFD approach, the possibility of changing customer needs is ignored. On the other hand, supplier selection is a challenging problem that could have been addressed by such a QFD. This paper attempts to create a hybrid QFD-based approach in which the internal relations between the elements are considered. It connects the new QFD to suppliers' qualifications to create a hybrid supplier selection process. The best suppliers are selected based on the priorities of customer needs for each level of the product improvement plan. When a product is to be developed, the proposed methodology seems to create an efficient solution for supplier selection problem with respect to quality factors.
Introduction
Over the last few decades, there have been tremendous efforts on improving the competitiveness of the companies by applying various supplier selection strategies (Tidwell & Sutterfield, 2012; Ramadan & Schmits, 2006) . Supplier selection problem is one of the most challenging decisions to make. There are various factors to be considered before selecting a supplier (Karsak & Ece, 2012) , which play an essential role in meeting the customer needs (Prasad et al., 2012) .
QFD has been previously employed to trace the customer needs (CNs) in the supplier selection process (see Tidwell & Sutterfield, 2012; Ramadan & Schmits 2006) , but the possibility of changing the CNs in a QFD that is observant to the internal relationship between the elements has not been investigated. How to keep the customers happier is a challenging job, but it becomes more complicated when their needs change within preparing the final product. The price suggested by suppliers is essential, but it is not all. Various factors influencing the supplier selection decision has created several methods proposed by numerous researchers (Ho et al., 2011) . The objective of this paper is to demonstrate how a hybrid-QFD can be employed to propose a solution to the problem of supplier selection. The hybrid-QFD is formed based on changing CNs and finds the priorities of product requirements (PRs). The supplier selection problem should not be seen as a problem with a fixed answer, but a model should be considered to take the relevant changes into account for supplier selection process. This paper attempts to create a link between selected supplier and changing CNs.
To have the customers satisfied, improving the quality of the product must be kept up. The quality of the product is influenced by the raw materials sent by the suppliers (Dey et al., 2012) , so designing a supplier selection process based on CNs seems to be a sufficient guideline. QFD is recognized as an effective approach to determine the most important PRs to improve (Ayag et al., 2013) . The House of Quality (HOQ) as the main tool of QFD approach builds a connection between the CNs in the right hand of the HOQ and PRs on the roof of it (Dey et al., 2012) . The internal relationship between the elements of HOQ need to be considered and the analytic network process (ANP) is capable of it (Buyukozkan & Berkol, 2011) . In this paper, CNs are connected to PRs by employing a HOQ provided with ANP. The ANP is applied to reduce the complexity of considering the internal relations (Ozaki et al., 2012) . The proposed approach connecting the supplier selection problem to the priority of CNs confronts the possibility of changes in CNs during the product improvement process. This fact makes decision makers consider a series of priorities in customer needs instead of a single set. Needs of customers are possible to change for several known and unknown reasons. Since the CNs are changing, the selected suppliers might also change, which sometimes is not desirable, so the decision about improvement plans should be made before starting the supplier selection process.
In comparison to previous papers, the contribution of this paper is as follows. First, considering the possibility of changing the priority of CNs it creates a hybrid QFD-based approach in product improvement process. Second, it employs the results in addressing supplier selection problem. The remainder of this paper is organized as follows. Next part is literature review in which some of previous relevant papers in four categories are studied, 2.1 Quality Function Deployment (QFD), 2.2 The HOQ, 2.3 Application of Decision Methods in QFD, and 2.4 Supplier selection. In section 3, the methodology is presented which its practicability is confirmed by an illustrative example in section 4, then the findings are discussed in section 5, and a conclusion is presented at the end.
2-Literature review

QFD
Quality has been a fixed part in management thinking since 1980s. Quality control was firstly used in manufacturing and inspection area, but soon it spread to all functions of every organization (Jiang et al., 2007) . The product improvement plans of an organization are more structured when an approach such as QFD is employed (Gremyr & Raharjo, 2013) . Today, successful applications of using QFD are seen in a wide variety of producing products and services as a powerful tool to address operational decisions (GinnandZairi, 2005) . The QFD starts by acquiring CNs and develops by forming tables and charts (Jiang et al., 2007) . It is an effective part of total quality management (TQM) (Mehrjerdi, 2010) . QFD, as a design tool, is employed within the product improvement process to make the design team capable of a better output (Kavoch et al., 2006) . Some researchers such as Mehrjerdi (2010) have pointed out some benefits of applying QFD approach;  It creates a connection between products and customers  It encourages forming cross functional teams and effective communications in an organization  It removes some wastes  It creates a more accurate database However, wrong or non-effective application of QFD can reduce or even reverse the benefits of QFD (Mehrjerdi, 2010 ). An effective use of QFD can result in substantial product improvement along with the CNs and marketplace (Özgener, 2003) . One of the most important benefits of QFD is that it creates a structural decision making approach instead of an intuitive approach (Kavoch et al., 2006) . Since the first applications of QFD, it has been developed by applying different numerical analysis methods and methodologies (Jiang et al., 2007) . These areas have been divided by Ho et al. (1999) the decision process flow smoothly". Global competitiveness has made the companies look for an effective approach to improve the quality of their goods or services. QFD as a technique of TQM has been increasingly applied to help product improvement process (Ertugrul et al., 2002) .
House of Quality (HOQ)
The HOQ includes some matrices correlating CNs with PRs (Hauster & Clausing, 1988) . Employing the HOQ for the product improvement process requires finding and evaluating CNs (Zhang & Wang, 2012) and then the CNs as the entrance of the HOQ must be translated to PRs of the product (Behzadian et al., 2013) . By translating the CNs to PRs, the HOQ can be a useful tool for the cross functional team (Liu, 2010) . The HOQ, as the main tool of QFD, is a useful tool to evaluate CNs and connect them to the PRs (Kim, 2010) . The relationships between CNs and PRs should be evaluated and numbers presenting the strength should be assigned (Kim, 2010) . The HOQ can be used separately, but it can be also attached to another process and be used as a design tool (Olewnik & Kemper, 2008) .
According to Lin and Pekkarinen (2011) The HOQ is used to define the relations between the elements of two different groups of elements such as CNs and PRs. The aim of determining the relations between the elements is to find the most important parameters to improve (Olewnik & Kemper, 2008) . Aside from the relations between the elements of PRs and CNs, there are usually some relations between the elements, internally, which are not seen in the traditional applications of the HOQ. Some elements are supportively or adversely affecting each other. These internal relations also should be seen and considered to have more accurate results (Buyukozkan & Berkol, 2011) .
Application of Decision Methods in QFD
Making a decision when the attributes are few and there are no interrelations among them is not so difficult, but a structured decision method must be utilized when there are several elements affecting, internally, each other (Nazari et al., 2012) . Tsalatsanis et al. (2010) evaluate the intuition contribution and analytical process and come up with a model to cover both of these as a decision making model; "Decision-making is governed by intuition and analytical deliberative process, thus, rational decisionmaking should reflect both formal principles of rationality and intuition about good decisions". Ordoobadi (2012) highlights several factors to be considered in the selection process; "Selection is multidimensional in nature and interdependent relationships exist among various elements. In addition, both quantitative and qualitative factors need to be considered in the evaluation process".
The AHP/ANP recently have been used widely to strengthen the QFD. The AHP has hierarchical structure that is not accounting for the interdependencies. In order to account for the interdependencies of the AHP, the ANP was developed by Saaty (Steiner et al., 2011) . ANP presents a framework for observing the effects of internal relations to find the priority of elements that have various effects on each other when the relations are evaluated with respect to a variety of factors. The QFD can be applied as an effective approach to find the priorities of some elements with respect to the weights of some other relevant factors, and it becomes more effective when decision method such as the AHP is applied to create a hierarchy or the ANP to cover the interdependencies (Andronikidis et al., 2009 ). Ho et al. (2011) use QFD to translate the company stakeholder requirements into multiple evaluating factors for supplier selection. In their suggested approach for a case study of a company, a QFD approach is employed to translate the company stakeholder requirements into multiple evaluating factors to select the best supplier. Delice and Güngör (2009) attempt to use the MILP model and Kano model for a QFD optimization approach to acquire an optimized solution. In their methodology, MILP model and the Kano model are combined to address the product improvement problem considering the interdependencies. Raharjo et al. (2011) challenge one of the simple, but less seen problems in QFD. They deal with the possibility of changes in CNs. They suggest a solution for changing customer needs since the time of gathering the information until the time that the product is ready to sell. For that purpose, they apply a forecasting technique. QFD with a framework of the AHP is applied by Mayyas et al. (2011) for the process of material selection. They consider a ranking approach for expressing the different competitive materials to optimize the overall design. They apply the AHP analysis to find the importance of raw material for the company. Kim and Kim (2009) deal with the robustness of the priority that is resulted from applying the HOQ. They come up with two indices for measuring it and consider the possible effects of uncertainty in entering data to the HOQ.
Cassandra et al. (2012) also investigate changing CNs: "meeting the rapidly changing and demanding requirements of customers is of the highest importance to product designers and executives around the globe. In recent years, customers have grown accustomed to their own purchasing power granting them nearly-instantaneous product gratification perfectly matched and customized to their individual requirements and specifications with high quality and most importantly, in an almost instant fashion".
Supplier Selection
Supplier evaluation is accounted as a multi-criteria decision making problem (Dey et al., 2012) . Micheli (2008) says: "selecting the right supplier is a complex decision made by companies and organizations, with potentially significant impact on the organization's ongoing performance and its ability to obtain the quality products and services. Supplier evaluation and selection are critical activities in the purchasing process, and significantly affect the organization's success. Unless the supplier is properly selected, then strategic alliances, supplier development, and early supplier involvement become more difficult to be implemented". Modern management prefers a company to establish a long-term relation with one or only a few suppliers rather than changing the suppliers to ensure mutual understanding and stability. This emphasizes the importance of supplier evaluation and selection (Ordoobadi, 2012) .
In the continuous improvement process, not only machining, activities, assembly, inventory level and some other internal factors are affecting, but also selecting the best suppliers must be considered as an important decision problem (Gonzales et al., 2004) . Researches, related with supplier selection, are widespread in different areas of the problem. They vary from a company to another company or by time passing. Most researchers are following technical parameters issues in supplier selection process (Tidwell & Sutterfield, 2012; Chandra & Grabis, 2003; Pearson & Ellram, 1995) . Researchers have been using different techniques from mixed integer programming and multi-objective programming (Stadtler, 2007; Weber & Ellram, 1993) to application of the AHP/ANP and Fuzzy theory for supplier selection (Kahraman et al., 2003; Asamoah et al., 2012) . Accounting for relations and inner relations between the criteria as well as the objectives makes the ANP-QFD more realistic and more reliable for the selecting process (Ordoobadi, 2012) . Jabour and Jabour (2009) According to Herbon et al. (2012) , instead of working on price reduction, it would be more effective to work on some other processes such as supplier selection to receive the proper raw materials (Herbon et al., 2012) . Wu (2009) investigates the effects of uncertainty on supplier selection; "the more flexible a supplier is, the more valuable that supplier is to the buyers in an uncertain environment" (Wu, 2009 ). The importance of supplier selection is obvious, but unfortunately, it is less seen that an organization employs a structural selection process to find the best supplier (Herbon et al., 2012) .
Methodology
This methodology is organized in two sections. The results of the first section are linked to the second section. The following notations for matrices are used throughout the paper. The relations between PRs and CNs considering their inner dependencies The priority of product parameters considering all the inner and outer dependencies A sequence of priorities in CNs The resulted sequence of the priorities in PRs Column i of matrix weighted based on how costly step i of improvement plan is A matrix in which column i presents the importance of PRs for improving to fulfill step i The relations between suppliers and PRs A matrix in which column i compares the suppliers for the improving to fulfill step i
Computing
Firstly, one of the common methodologies, previously applied for combining the ANP and the HOQ by some researchers (Ertugrul et al. 2002; Buyukozkan & Berkol 2011) , is explained and then proposed QFD is replaced with a hybrid-QFD to address the supplier selection problem. Before starting the approach, some information about what the customers want should be gathered. After the information is gathered, they are evaluated and prioritized based on customers expressions by some cross functional groups. The results build the first matrix ( ). After that, the PRs are listed. The strongest relation is shown with 9 where this number decreases by decreasing the strength of the relations. W or W denotes a matrix which includes customer priorities.
(1)
The second matrix is ( ). This matrix presents the inner dependencies between customer needs. Each of the columns of W is acquired separately from a 
(4)
Then the supper matrix discussed by Thomas Saaty (Saaty, 1999 ) is possible to form. The supper matrix suggested by Saaty can be shown in a summarized version as matrix (1).
forms by following the steps below; 1-Multiplying matrix by , (Eq. 6)
The resulted matrix, _ , presents the customer priorities affected by the inner dependencies between CNs.
2-Multiplying matrix
W by W The resulted matrix, W , presents the strength of relations between PRs and CNs affected by the inner relations between them.
3-Multiplying the second computed matrix (W _
) by the first one (W _ ), Eq. (8) A prioritized list of PRs (to improve) is resulted and shown by .
Matrix can be used as a good guideline for the product improvement plan. Within the improvement plan a problem turns up; by working on these parameters, customer satisfaction increases, but as soon as the customer satisfaction starts increasing, it creates a possibility of changing the priorities of CNs. In real world experiences, this happens frequently. As an example the evaluation of the cell phone can be considered. The customer needs for the cell phones have been changing over the past few years and they are still changing. Considering this situation, it is realized that if the product parameters were being improved based on above computed matrix (9), it would be possible that some product requirements would be improved more than what they should be. If it happened, that would be wasting considering the fact that the priority of PRs is computed based on the priority of CNs.
The need of a replacing the QFD with a hybrid-QFD is felt now, but the problem is how to find the CNs for forming a hybrid-QFD. For that purpose, there might be different strategies for different companies considering their products, but here two strategies are suggested. In some cases, especially for mass manufacturers, it is possible and economically reasonable to have the parameters improved (on some sample products) for a level, considering . The samples can be submitted or sold to some customers and then a new set of CNs should be obtained (by the same method that the first set of CNs were obtained). While doing this, the company should compute the total needed resources, especially the budget for each level of improvement. For each step of improvement the needed resources should be computed and if after each step enough resources were available, the approach would be repeated and a sequence of CNs, , would be the result. In some cases, especially for some manufacturers with non-mass production where the cost of changing production line is not significant, they can actually produce and sell a limited number of products for each step with a discounted price, and then they can collect the feedback and follow the same approach to obtain a sequence of CNs priorities. Obtaining a sequence of customer needs provides the company with a sequence of s, which are shown by W . Array e presents the priority level of i CN at j time of obtaining a set of CNs and array f presents the priority of i PR at j time. Therefore, the first level of improvement should be done considering the first column of W , the second level considering the second column, and so on. Following this sequence is very important because the improvement process might be suddenly stopped for any seen or unforeseen reasons. The proposed strategies might seem to be timely, long, and tedious, but this is based on the principles of continuous improvement. The results of this approach are helpful and can be used for several areas of decision making. One of these areas is supplier selection process.
Supplier selection
The problem is which supplier should be selected to obtain the highest level of customer satisfaction. The parameters and specifications of final products depend on the raw materials that suppliers are delivering. Since the product parameters can be influenced by different raw materials, it is possible to connect them. This can be done by gathering information about the suppliers and the quality of their raw materials through forming cross-functional teams. After that, a matrix presenting the strength of the relations between each supplier with each product parameter is possible to form. After connecting this matrix to the hybrid-QFD, by changes in priorities of CNs, the suggested best supplier may change. There is a different cost for each level of improvement, some steps are more costly and some are less. To include the costs of each step of improvement as a determining factor in the supplier selection process, the following steps need to be followed.
1-The columns of
should be multiplied by cost ratio of step i,
: representing ℎ
Each weight, , is a normalized value which presents how costly step i of the improvement process is. For example; if there were three steps of improvement and step two was twice as costly as compared to step one and step three was 0.7 as costly as compared to step one, the weights would be ; k = 0.270 ; k = 0.541 ; k = 0.189 2-Arrays of each resulted column must be divided by the summation of the ratios of the previous columns
3-Forming
It can be formed by placing the resulted columns in a matrix as below. The best supplier in each step is the one with the greatest number in that column. This means when the company decides to improve the quality to pass the step of improvement, the supplier with the greatest g ( g ; ∀ = 1, 2, … , ) must be selected. The results create a new construction for the HOQ that is flexible in confronting changes in customer needs.
Fig. 1. HOQ in a hybrid-QFD for the Supplier Selection process
A new construction for the HOQ to allocate all the above steps is designed. This new form of the HOQ in comparison to previous forms has the following advantages. First, it accommodates uncertainty in CNs other than the interrelations between CNs and PRs as they are shown by steps 1 to k. Second, it accommodates the resulted changes in the priorities of PRs as are shown by step 1 to k. Third, it relates PRs to Suppliers' qualifications at the left side of the figure. Fourth, it includes selected supplier for each step as they are presented at the bottom of the figure.
An illustrative simple example
This example is designed to follow the exact steps of the above methodology. First, the previous methodology is examined (simple ANP-QFD) and then it is developed to a hybrid-QFD. There are six potential suppliers and one must be selected. For this purpose, first W is computed, and then the sequences of CNs during the improvement plan is acquired and the best supplier is selected.
computing
At first, the information from customers is collected. The more successful a company is in gathering the information and finding the relations, the more accurate the priorities of PRs are found. In order to keep the example simple, the case is restricted to a few CNs and PRs. The cross functional team considering the interviews, can find the priority of CNs. The priority of CNs can be quantified, normalized, and expressed as below. The effects of these elements on each other with respect to each of them must be evaluated. The results of the pairwise comparisons form tables such as the presented table below. The relative importance weights of the elements are computed and placed in the last column of the Table 1 . By moving the results (last columns) into one table, the second needed matrix is formed as below. The product requirement must also be explored. It is assumed that the product has four characteristics: electronic components, plastic components, automatic functions, and ergonomic design of the product. They are shown by parameter A, B, C, and D. There are also interdependencies between these parameters which must be identified with respect to each parameter as below. Three more tables, comparing the PRs with respect to each of the other three PRs must be formed. The last columns of those tables build the third needed matrix. The PRs also have relations with respect to each CN. The relations with respect to light weight are presented in Table 3 . Therefore, the fourth needed matrix forms. 
This is the translation of CNs into PRs considering all the affecting elements. Based on this matrix, the parameters must be considered for improvement with this priority; C, A, B, and finally D.
improvement plans and changing priorities in CNs
In most of previous papers, it is assumed that improvement must be planned based on , but since is formed based on the CNs, it may change within the improvement process as CNs change. As it was explained in the methodology, must be acquired based on the strategy that a company chooses to obtain the set of CNs. It is assumed that the priorities of CNs for seven steps of improvement are obtained as below.
Table 4
The priority of CNs in seven steps of improvement
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 
Matrix (30) shows the sequence of the priorities in PRs in each step. The improvement must be planned based on the priority shown in the first column, and then consumed and remained resources must be checked. After completing the first step, the improvement plan continues to the second step. Before starting a step, the resources must be checked and if there are still enough resources, that step starts, otherwise it has to be stopped. It is seen in matrix (30), the first priorities are changing. One parameter might be the most important parameter, but only for a part of improvement process (Table 5) .
Table 5
The first priorities of PRs in seven steps of improvement plan
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
First priority
Supplier Selection
As mentioned earlier, there are six potential suppliers, but one must be selected. It is assumed that buying from each of them can improve some PRs. The suppliers are compared to each other and the results are shown in a normalized table shown in Table 6 . Therefore, a 6×4 matrix ( W ) must be formed based on the above table. It is assumed that the cost of improvement for each of seven steps in comparison to step one is estimated or computed as Table 7 . This table can be computed by teams, which include professional of design, engineering, and accountancy sections.
Table 7
A comparison of how costly seven steps of improvement would be
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Costs of improving 1 0. Table 8 is the priorities in PRs in seven level of improvement affected by how costly the steps are. Based on the methodology the columns of , which are shown in Table 9 , are computed. Step 1
Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Considering matrix 34, one supplier, which is the best based on a specific quality improvement plan of a company may change by changing the company's plans. For instance, when the company decides to improve the quality of the product for three steps, the suggested supplier by this methodology is supplier O while this supplier is not the best for an improvement plan for two or four steps of improvement. Changing the suppliers frequently is not favorable for most companies. In those cases, the company must decide on the improvement plan prior to the selection process. It must be determined that up to which level of improvement the company has plan to improve (usually based on the available needed resources), and then considering that, the best supplier for the company must be selected. It is obvious that if the company wanted to improve, e.g., for five levels,W must be considered with at least its first five columns. The results of this example are represented and placed in the suggested new form of the HOQ as the main tool of the hybrid-QFD approach in supplier selection process. 
Discussion
Supplier selection is one of the challenging decisions in operations management. There are no successful companies working with incompetence suppliers. A bad selection of suppliers hurts the quality of the final product of a company. Suppliers contribute significantly in successes or failures of a company. The importance of supplier selection problem has created numerous papers (Micheli, 2008; Stadtler, 2007; Gonzales et al., 2004) , but it is less seen to have the supplier selection process and the priority of the CNs connected. Linking supplier selection process to a hybrid-QFD is accounted as only a solution to the supplier selection process and is placed besides numerous other solutions. Despite the importance of the challenging problem of supplier selection and a variety of suggested solutions, it seems difficult that a paper can come up with a general solution for this problem. One of the most important steps in QFD is collecting the information. Zhang and Wang (2012) say: "The information from the customers can generally be collected through investigation, questionnaire, interviews and telephone survey. Many tools can be used to summarize customer requirements", but this paper strongly suggests face-to-face meetings with customers to increase the accuracy in finding the priorities. Aside from creating cross functional teams, professionals who know how to acquire more accurate information must be employed to acquire more accurate data. These professionals need to know about different aspects of human behaviors. Kuijt et al. (2009) investigate an example about nature of human answers in interviews or questionnaires. They consider the effects of translating CNs into numbers. They expose how all the answers of a customer can be affected by the first number that they assign to the first question. Problems, such as this, necessitate making a team of professionals for this part of the process to minimize the possibilities of any errors.
In this research, the interdependencies between the elements of the HOQ are considered. These interdependencies are evaluated and analyzed in several papers. The interdependencies are considered through applying processes such as the ANP, which is widely used for a variety of purposes (Andronikidis et al., 2009; Saaty, 1999) . In most of ANP applications in the HOQ, researchers assume that the priority of CNs remain the same during the improvement process, but this paper traces the changes in priority of CNs. It insists that when a company improves the parameters and assigns the resources based on the primary suggested set of CNs, the company may be wasting the resources and time. Even if the customer satisfaction is increasing, the results would be probably less than what they should be. CNs change at some specific points while PRs are being improved. This is natural in our lives. At any time, people look to satisfy one of their needs (the most important one at the moment); as soon as a need starts satisfaction, its priority may change and that specific need might be no longer their first priority. As the customer priority changes, the priority of product parameters may change. These changes must be observed and the resources must be reassigned based on the new priorities of PRs. This methodology attempts to be a guide for companies to obtain competitive advantages through fast responsiveness to the needs and higher quality. Customers are not as loyal as they were in past few decades; they change the brands easily and move from one brand to another. The changes in what they want must be observed and studied properly. To achieve this, even if it is necessary, changing the suppliers to keep the customers happier might be unavoidable. The hybrid-QFD is employed to follow changes in CNs and prevent failure. Steiner (2011) says: "in most cases, the reason of failure has not been a lack of technological capability of the firm, but an incorrect understanding of real customer needs" (Steiner et al., 2011) .
By applying the proposed approach, a sequence of priorities of PRs is resulted. Following this sequence is essential. Even if enough budget and resources for improvement processes are available, the decision makers are advised to follow the sequence because unfortunate events may stop the improvement processes. The suggested method is responsive enough to determine the new best supplier as soon as the priority of CNs changes. Changing suppliers frequently might not be desirable, but as Herbon et al. (2012) say: "Whenever extreme changes mean that a certain supplier cannot meet requirements or that continuing the contract is not worthwhile, the supplier selection process must be reviewed". However, even when a company prefers to have a long-term relationship with a supplier, it is better to know that at any specific level of the performance of the company, which supplier is the best and how much better than the others it is. The benefits might be significant enough for a company to change a supplier or they might be insignificant in compare to having a long-term trustworthy relation.
As the main tool of hybrid-QFD, a new construction for the HOQ is suggested to allocate the data and the results of hybrid supplier selection process. The new form of the HOQ in comparison to previous forms has the following advantages. First, it accommodates possible changes in priorities of CNs besides from interrelations between CNs and PRs. Second, it accommodates the consequent changes in the priorities of PRs as are shown. Third, it relates PRs to Suppliers' qualifications. Fourth, it determines selected supplier for each step separately. HOQ acts as a translator of hybrid-QFD which considers all the inner and outer relations and assures an accurate translation. The contribution of this paper is as follows. First, it creates a hybrid-QFD by employing a series of CNs instead of a single set. Second, it links the hybrid-QFD to supplier selection. The proposed hybrid-QFD is observant to all the interrelations between the elements. By connecting it to supplier selection problem, the best suppliers considering all the inherent interrelations of hybrid-QFD are selected. Third, it includes the cost of improvement plans as a determining factor in supplier selection process, which is not considered in previous studies. This paper creates following areas worthy for future studies. First, there is an area of research addressing the problem of tracing the future CNs by employing a statistical model, such as Markov chains, which may be attached to the entrance of the hybrid-QFD to receive, evaluate, and predict the CNs. Second, there is a potential area of research dealing with inclusions and exclusions of CNs. The possibility of inclusion a new CNs or PRs as well as exclusion an old CNs or PRs in the list of CNs or PRs of the hybrid-HOQ can be investigated. Third, other possible extensions of the proposed approach can be studied. This approach can be extended by involving some other factors in the supplier selection problem, e.g., different prices of raw materials by the suppliers which add complexity to the proposed approach.
Conclusion
A hybrid-QFD is designed and examined. HOQ as the main tool of the QFD is developed to accommodate changes of the priority of CNs. It is extended to be applied as a solution to the supplier selection problem. The priority of CNs change because of numerous known and unknown parameters in customer's mind. The customer priority changes while the PRs are being improved and these changes in the priority of the CNs may change the best suggested supplier. A hybrid-QFD can allocate all of these changes. A supplier selection problem is investigated considering; 1-possible changes in customer priority, 2-all the relations and inner relations between customer needs and product parameters, and 3-costs of quality improvement plans. It is observed that a supplier may be the best only for a short period. The suggested suppliers by this approach may change in different steps of improvement process. Changing suppliers might be not desirable for a lot of companies, it may make the entire supply chain nervous, and this is why it is better if the managers decide on the level of improvement first, and then select the best supplier. It is obvious that a with at least its first "k" columns must be considered for choosing the best supplier for "k" steps of improvement. This paper contributes the previous studies by developing the previous applications of the QFD, by making this combination flexible to receive a sequence of priorities in CNs, creating a hybrid-QFD, and then by connecting the resulted sequence of priorities of PRs to the supplier selection problem to offer a hybrid-QFD approach to the supplier selection process. Further studies can investigate the possibility of applying a statistical model to compute a proper sequence of customer priorities. In this research, the case was restricted to a situation in which the list of customer needs is the same during the study, but the priority is changing. Further studies can extend this to consider the possible inclusion of new customer needs as well as exclusion of some of them during the improvement process.
